Abstract Aim: To examine the intensity of care at the end of life among older adults in Korea and to identify the individual and institutional factors associated with care intensity. Methods: This secondary data analysis included a sample of 6278 decedents aged 65 years or older who were identified from the 2009 to 2010 Korean National Health Insurance Service-National Sample Cohort Claims data. We examined the medical care received by the cohort in the last 30 days of their lives. Results: Overall, 36.5% of the sample received at least 1 intensive care procedure in the last 30 days of their lives; 26.3% of patients experienced intensive care unit admission, with an average stay of 7.45 days, 19.5% received mechanical ventilation, 12.3% received cardiopulmonary resuscitation, and 15.5% had a feeding tube placement. A statistical analysis using a multiple logistic regression model with random effects showed that younger age, higher household income, primary diagnoses of diseases (ischemic heart disease, infectious disease, chronic lung disease, or chronic heart disease), and characteristics of care setting (large hospitals and facilities located in metropolitan areas) were significantly associated with the likelihood of receiving high-intensity care at the end of life. Conclusion: A substantial number of older adults in Korea experienced high-intensity end-of-life care. Both individual and institutional factors were associated with the likelihood of receiving high-intensity care. Gaining an understanding of the intensity of care at the end of life and the impact of the determinants would advance efforts to improve quality of care at the end of life for older adults in Korea.
Introduction
The key indicators of high-intensity end-of-life care include admission to intensive care units (ICUs) or hospital inpatient units and the use of life-sustaining treatments (eg, mechanical ventilation [MV] , tube feeding) close to the time of death. 1 Intensive end-of-life care is considered as the main driver of escalating health-care costs, while it does not necessarily indicate quality end-of-life care. 2 Similar to the case of the United States, where the costs of care rapidly increase as patients approach death, 3 the health-care costs in the last month of life in Korea are 7 times higher than those spent over the 36 months before death. 4 Korea is poorly ranked on the Organisation for Economic Cooperation and Development's (OECD) quality of death index (32nd among 40 countries), which is calculated based on the indicators of the end-of-life health-care environment, availability of end-of-life care, cost of end-of-life care, and quality of end-of-life care. 5 By year 2020, 8.4 million people in Korea will be aged 65 years and older. 6 With the projections of the rapid growth in the health-care expenditures associated with the aging population, 7 the poor quality of death in Korea necessitates a systematic examination of the intensity of end-of-life care.
The literature points to several factors that are associated with end-of-life care intensity, such as primary diagnosis (eg, cancer, congestive heart failure, end-stage renal disease), patient demographic variables (eg, race), regional variations, and hospital characteristics, such as bed size and location (eg, metropolitan/urban vs rural). [8] [9] [10] The framework of the determinants of treatment intensity, put forth by Kelley et al, 11 suggests that patient determinants and the regional supply of medical resources affect the treatment intensity for patients with severe and complex illnesses. For example, a patient's financial capability to access health care (household income), the likelihood of acquiring benefits from treatment (primary diagnosis and disability), and demographic characteristics (age and sex) as well as institution-related factors, such as the number of beds and location of the facilities, are likely to have synergistic effects on the treatment intensity at the end of life.
However, end-of-life care intensity and its determinants have been predominantly studied in North America and European countries. Less is known of the end-of-life care intensity and its determinants in other countries, including Korea. Although Korea provides universal health-care coverage, health-care delivery relies heavily on the private sector because the government allowed the private sector to directly respond to the increases in the demand for health care. 12 The sharp increase in the elderly population of the country is one of the most pertinent issues in terms of the goals for health systems. 12 Thus, this study aimed to present the intensity of end-of-life care for older adults in Korea and to identify the factors associated with the variations in the end-of-life care intensity, using nationally representative administrative data.
Methods

Study Design and Data Source
This descriptive study used data on 6278 older adults who died between 2009 and 2010. The sample was identified from the Korean National Health Insurance Service (NHIS)-National Sample (NHIS-NS) Cohort. The NHIS maintains national records on the utilization of health insurance and services (equivalent to the Center for Medicare & Medicaid Services claims data), which is made available for the public. 13, 14 The NHIS-NS Cohort included a representative sample of 1,025,340 Koreans who were selected from the 2002 National Health Insurance Data via systematic stratified random sampling, based on age, sex, and income. The cohort comprised 2.2% of the total Korean population. 14 The NHIS Cohort is updated annually for attrition due to death or emigration by adding a representative sample of newborns using the 2.2% sampling rate. 13 In the present study, we used data on insurance eligibility, medical treatments, and medical care institutions from the NHIS-NS Cohort data. From the 2009 to 2010 NHIS-NS Cohort, we identified 6278 deceased individuals aged 65 years and older. For those decedents, we abstracted the sociodemographic information, level of disability registered, date of death, primary diagnosis, prescriptions claimed by the medical service providers, location and number of beds of the facility, and their medical claims in the last 30 days of life. The institutional review board of Kyungpook National University approved this study.
Variables
End-of-life care intensity. Based on previous studies, 1, 15 highintensity end-of-life care was defined as receiving at least one of the following treatments/procedures in the last 30 days of life: ICU admission, MV, tube feeding, and cardiopulmonary resuscitation (CPR). 15, 16 The lengths of hospital and ICU stays were also assessed.
Patient-related variables. The ages in the cohort data were categorized into the following groups: 65 to 69 years, 70 to 74 years, 75 to 59 years, 80 to 84 years, and over 85 years, to prevent the identification of personal information. The household income, in the NHIS database, was assigned using the deciles of the health insurance premium imposed to each household, with 0 designated for the lowest income level of the beneficiaries of government health-care aid. Health insurance premium paying to the Korean national health insurance services was approximately less than 18 dollars for the first decile, 32 to 39 dollars for the fifth decile, and over 104 dollars for the top deciles of the household income. The disability levels were no disability, mild, and severe, based on the level of impairment in the activities of daily living and social life.
14 The primary diagnoses were classified using the Korean Standard Classification of Diseases (KCD). 17, 18 The KCD's diagnoses correspond with the following categories, per the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10): cancer (C00-C97), chronic heart disease (I05-I09, I26-I28, and I30-I52), chronic lung disease (J40-J47 and J60-J70), chronic renal disease (N18-N189), liver diseases (K70-K76), diabetes mellitus (E10-E14), hypertension (I10-I15), dementia (F00-F03 and G30-G309), Parkinson disease (G20), acute respiratory infections (J00-J06, J09-J18, and J20-J22), cerebrovascular disease (I60-I69), infectious diseases (A00-B99), injury, poisoning, and sequelae of other and unspecified effects of external causes (S00-T98), and ischemic heart disease (I20-I25). 17, 18 In the present study, the categories classified with ICD-10 included conditions highly prevalent or the leading causes of death in older Korean population. 17, 18 The primary diagnoses with a very low prevalence in the sample as well as in the older Korean population (<0.5%) 17, 18 were categorized into ''other diagnoses (eg, stomach ulcer and low back strain).'' Institution-related variables. The location of the medical facility (metropolitan vs rural) was categorized by province (a principal administrative division in Korea). Because Seoul and the surrounding satellite cities of the Gyeonggi Province are the most populated areas in which half of the entire Korean population lives, 19 we further categorized the location of the facilities into Seoul, Gyeonggi Province, other major cities, and other provinces.
Statistical Analysis
Descriptive statistics was used to summarize the study variables. When individuals transferred from one care facility to another in the last 30 days of life (n ¼ 79), the facility in which the patient stayed the longest was used for the analysis. To examine the association of care intensity with patient-or institutional-level characteristics, we performed a multiple logistic regression analysis. In the analysis of the care intensity associated with primary diagnosis, we used the ''other disease'' category as a reference to identify the intensity of care among those with highly prevalent diagnoses compared to those with diagnoses that were rare in the population. Since the practice patterns in the same type of medical facilities could be potentially correlated, we incorporated random effects in the model to account for this possible correlation. We used the SAS 9.4 software to conduct the analysis. 
Results
End-of-Life Care Intensity
In the last month of life, 4138 (67.0%) patients were admitted to a medical facility, with an average stay of 15.18 days (median ¼ 13, interquartile range [IQR] ¼ 26). A total of 2453 (36.5%) patients received at least 1 type of high-intensity care. Approximately one quarter of the patients (n ¼ 1,648, 26.3%) were admitted to the ICU, with an average stay of 7.45 days (median ¼ 5, IQR ¼ 11). Roughly 20% (n ¼ 1223) received MV for 6.8 days on average (median ¼ 3, IQR ¼ 7). Relatively fewer patients (n ¼ 972, 15.5%) received tube feeding, but received it for nearly 2 weeks (mean ¼ 13.17, median ¼ 9.5, IQR ¼ 21). Further, 773 (12.3%) patients received CPR. The frequencies of these 4 types of high-intensity care, which might be provided as multiple types of care to each patient, are summarized in Figure 1 .
Factors Associated With the Intensity of Care
Of the patient-related factors, age, household income, and primary diagnoses were significantly associated with the likelihood of receiving at least 1 type of intensive end-of-life care in the last 30 days of life (Table 1) . Patients with advanced age were less likely to receive at least 1 type of intensive treatment; an average increase of 5 years (1 unit) in age resulted in a 15% decrease in the odds of receiving at least 1 type of intensive treatment (adjusted odds ratio [AOR] ¼ 0.85; P < .001). A higher household income was associated with the increased odds of receiving at least 1 type of intensive treatment (AOR ¼ 1.06; P < .001), whereas a 1 decile increase in the income scale resulted in a 6% increase in the odds of the same. After controlling for the other patient characteristics and institutional variables, the decedents with the following primary diagnoses had significantly higher odds of receiving at least 1 type of intensive care at the end of life compared to those in the ''other diagnoses'' category: infectious diseases, acute respiratory infection, ischemic heart disease, chronic heart disease, injury, poisoning, and sequelae of other and unspecified effects of external causes, chronic lung diseases, and cerebrovascular disease.
With respect to institution-related factors, the odds of receiving at least 1 type of intensive treatment in the last 30 days of life were significantly higher in patients treated in Seoul than those treated in other regions, with the exception of those treated in the Gyeonggi Province. After controlling for all other factors, the odds of receiving high-intensity treatment for those treated in facilities located in other major cities and provinces were 0.59 and 0.67 times lower, respectively, compared to those treated in facilities located in Seoul. Finally, although low, the odds of receiving highintensity care increased by 4.2% for every 100 beds added in the facilities.
Discussion
In this representative cohort of older adults in Korea, we found that a large number of older Koreans were admitted to a medical facility and stayed for more than 2 weeks in the final month of their lives. The length of stay is higher than that observed among the beneficiaries of the US Medicare (4.6 days). 9 Although the ICU admission rates for the Korean decedents and the Medicare beneficiaries were similar (26% vs 29%, respectively), the Korean decedents had longer stays in the ICU than those in the United States (7.5 vs 1.8 days). 20 The frequency of MV use in the final month, as observed in our cohort, was nearly twice as high as that of the US Medicare beneficiaries (19.5% vs 9.3%). This high use of intensive care at the end of life partly explains why Korea is ranked poorly on the OECD quality of death index. One of the possible explanations behind the higher intensity of care in Korea is the lack of coverage of hospice and palliative services, which became available as a part of the national health insurance program only after July 2015. 21 Without alternate services for older people with acute or exacerbated chronic conditions, individuals might have had no other choice than to visit acute care facilities, which were more likely to be reimbursed by providing intensive procedures in the fee-forservice reimbursement system. 22 Future study of the accumulated data, from the time of the enactment of the hospice and palliative policy, would show the pattern of its association with the intensity of care at the end of life.
The finding that older Koreans, at an advanced age, were less likely to receive high-intensity care is similar to the findings of study conducted in the United States. 23 The association between household income and the receipt of high-intensity care reflects the fact that, in Korea, individuals must co-pay high out-of-pocket bills for aggressive interventions, even under the national health insurance policy. 24 Thus, it is possible that people with financial difficulties might be reluctant to undergo aggressive life-sustaining treatment at the end of life. However, high-intensity end-of-life care, despite the high outof-pocket expenses for intensive care in Korea, may reflect cultural characteristics. In Korean culture, where conversations about death and dying can be a personal affront on a person's well-being, both older adults and their families avoid talking about death. 25 Such avoidance makes advance care planning difficult for all parties (the patient, family, and clinician). Consequently, the family members (typically children) of older adults in Korea choose high-intensity care based on the filial virtue to respect their parents without knowing the parents' wishes. 26 The high-intensity care for those with acute illnesses such as ischemic heart disease, infectious disease, and acute respiratory infection suggests that such high-intensity care is likely to be sought and/or provided when older adults in Korea develop these acute illnesses superimposed on their existing chronic conditions. Unfortunately, in this study, we did not know what chronic conditions the decedents had prior to these acute illnesses, due to the limitation of the database.
The findings, which suggest that patients with chronic lung or heart diseases as a primary diagnosis were more likely to receive high-intensity end-of-life care than those with cancer or dementia, are partially supported by studies conducted in the United States. 8, 11 That is, family members may choose aggressive care for their older parents with chronic lung or heart diseases who experience acute exacerbation, which is mostly due to uncertain prognosis. On the other hand, family members of patients with dementia or cancer may be more inclined to stop further suffering caused by unnecessary treatment because of illness trajectories that are more predictable than chronic lung or heart conditions. 27 With the increase in the size of the older population, it is expected that people are more likely to experience illness progressions from cancer, organ failure, and dementia, which represent the typical illness trajectories of progressive chronic illnesses. 27 The finding pertaining to the significant influence of certain diseases on the intensity of care suggests the importance of planning and delivering end-of-life care interventions that integrate palliative management by considering these illness trajectories. 27 With respect to the role of institutional factors in the intensity of end-of-life care, like in the case of the findings of study conducted in the United States, 9 the size of the medical facilities (ie, the number of beds) was associated with the odds of receiving high-intensity end-of-life care. A higher intensity of care in the last month of life was observed in hospitals with numerous beds and in medical facilities located in the metropolitan capital area supporting ''supply-sensitive care.'' 11 In Korea, medical services are highly concentrated in Seoul and the Gyeonggi Province, in which a half of the population (25 million) lives. It is not uncommon for people residing outside these areas to travel far to or to be transferred to these facilities to receive high-intensity care. Seoul and the Gyeonggi Province appeared to form one regional pattern of end-of-life care practice in Korea, characterized by their plentiful medical resources centralized in the capital regions. Under the fee-forservice, private sector-dependent health-care system, hospitals with many beds and located in the metropolitan areas of Korea might have induced a high demand for health services at the end of life, with investment for increasing hospital beds and facilities. 12 This study had several limitations. Detailed clinical and personal information, such as comorbid conditions, patient and family preferences, or the existence of advance directives, were not available in the database. The analysis used the medical facilities in which patients stayed for the longest period, regardless of whether patients were transferred between facilities in the final month.
In conclusion, it is common for older adults in Korea to experience at least one of the intensive interventions or procedures in the last month of life. Age, income, and the primary diagnosis of the patients as well as the number of beds and location of medical facilities were found to be significant predictors of the intensity of care at the end of life. Future studies that focus on the changes in the intensity of care, after the implementation of the new hospice and palliative care policy in Korea, are required.
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